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(57) The present invention provides 1) a complex 
comprising a mono-antonic tridentate ligand, represent- 
ed by the following general formula (I); 2) a polymeriza- 
tion catalyst composition, comprising the complex; and 
3) a cis-1 ,4-isoprene polymer, a cis-1 ,4-butadiene poly- 
mer, a cis-1 ,4-isoprene-styrene copolymer, a cis-1, 4- 
butadiene-styrene copolymer, a cis-1 ,4-butadien e-cis- 
1>4-isoprene copoiymer, and a cFs-1,4-butadiene-cis- 
1 ,4-isoprene-styrene copolymer, each of which has high- 
cis-1 ,4 content in a micro structure and a sharp molecu- 
lar-weight distribution. 
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Description 

TECHNICAL FIELD 

5 [0001] The present Invention relates to a metal complex and a polymerization catalyst composition containing the 
same. In addition, the present invention relates to an olefin polymer, preferably an isoprene polymer, a butadiene polymer, 
an isoprene-slyrene copolymer, a butadiene-styrene copolymer, a butadieneTsoprene copolymer, and a butadiene- 
isoprene-styrene copolymer, 

w BACKGROUND ART 

[0002] As a metal compfex containing ah anionic tridentate ligand, which does not belong to a cyclopentadienyl-bascd 
one, a complex having the following general formula (A) has been known (see Patent Document 1). It is reported that 
the metal complex has such a feature that the central metal M which is any transition metaf of Groups A to 9 and being 
15 used as an olefin polymerization catalyst 
[0003] 
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[0004] In addition, as a metal complex containing a tridentate ligand, but not a cyclopentadienyl-based one, a complex 
having the following general formula (B) has been known {see Non-Patent Document 1 ). Furthermore, a complex having 
the following general formula (B') which includes tridante ligand same as tridante ligand of a complex as shown in the 
formula (B) has also been known (see Non-Patent Document 2). 
35 However, there is no concrete report on reactivity of those metal complexes, and usages of those metal complexes are 
unknown. 
[0005] 
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Me 2 Me 2 

(Pr-ifeP— S<~rP(Pr-i) 2 _ _ (B) 
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(In the above formula, X represents chloro, methyl, ethyl, or trimethylsylyfmethyl) 
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Me 2 Me 2 

r Si N' s S 

(Pr-t) 2 P-~*-Scr-P(PN)2 
X Cp 

(In the above formula, X represents chloro, methyl, phenyl, or BH 4f and Cp represents a cycfopentadienyl). 

[0006] Furthermore, as a metal complex containing atridentate ligand, but not acyclopentadienyl based one, a complex 

represented by the following general formula (C) has also been reported (see Non-Patent Documents 3, 4, and so on). 

It is known that the reported complex represented by the general formula (C) includes Pd, Ni, Pt, or the like as the centraf 

metal M thereof and part of the complex can be used as a catalyst component for the Heck reaction. 

[0007] 
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(In the above formula, M represents Pd, Ni, or Pt and X represents chforo or acetate). 

[0008] On the other hand, an isoprene polymer, a butadiene polymer, an isoprene-styrene copolymer, a butadiene- 
styrene copolymer, a butadiene-isoprene copolymer, and so on are used as synthetic rubbers. In particular, a hrgivcis- 
1 ,4-isoprene polymer and a high-cis-1 ,4-butadiene polymer are synthetic rubbers that have almost the same strengths 
as those of natural rubbers and are very useful raw materials. Therefore, various investigations have been carried out 
for the process of producing an isoprene polymer or a butadiene polymer with a high cis-1,4 content. Furthermore, the 
isoprene polymer with a content of approximately 100% has been also known (see, for example, Patent Document 2 
and Non-Patent Document 5). 

Furthermore, it has been expected that when a polymer with a sharp molecular-weight distribution and a high-cis-1 ,4- 
isoprene polymer or a high-cis-1 ,4-butadiene polymer is produced, a higher-strength rubber can be provided. 
Patent Document 1: JP 2002-513823 A 
Patent Document 2: JP 2004-513998 A 

Non-Patent Document 1: Michael D, Fryzuk et al. OrganometaNics 1996, 15, 3329-3336, 
Non-Patent Document 2: Michael D, Fryzuk et al. Can. J. Chem. 2000, 15, 1003-1012. 
Non-Patent Document 3: IvteLHui Huang et al. Organometaliics 2004, 23, 2813-2816. 
Non-Patent Document 4: Lei Fan et a!. Organometaliics 2004, 23, 4778-4787. 
Non-Patent Document 5: Shojiro Kaita et aL Macromolecules 2004, 37, 5860-5862. 

DISCLOSURE OF THE INVENTION 



[0009] 

1 : The present invention has an object to provide a novel metal complex having a mono-anionic tridentate ligand, 
but not a cycfopertiadieny) one, and a polymerization catalyst composition containing the complex. Furthermore, 
the present invention intends to provide a method for producing various polymer compounds (preferably novel 
polymer compounds) using the polymerization catalyst composition. 

2. On the other hand, the present invention has another object of the invention to provide an isoprene polymer, a 
butadiene polymer, an isoprene -sty re ne copolymer, a butadiene- styrene copolymer, a butadiene-isoprene copol- 
ymer, and a butadiene-isoprene-styrene copolymer, each of which has high-cis-1, 4 content in a micro structure 
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and a sharp molecular-weight distribution. 

[0010] T hat is, the present invention is as shown below. 

Firstly, the present invention is an invention of a complex as follows. 

1 . A complex comprising a mono-aniomc tridentate ligand, represented by the following general formula (I): 



[0011] In the general formula (I), 

M represents scandium Sc, yttrium Y, or lanthanoid; 
E 1 -T 1 -X-T^-E 2 represents a mono-anionic tridentate ligand; 

X represents an anionic electron-donating group containing a ligand atom selected from Group-15 atoms; 

E 1 and E? each represent independently a neutrai electron-donating group containing a ligand atom selected from 

one of Group-15 atoms and Group-16 atoms; 

T 1 andT 2 are cross-linking groups that cross-link X with E 1 and B 2 , and each represent independently an allyiene 

group which may have a substituent on an aryl ring; 

Q 1 and Q 2 each represent independently a monoanionic ligand; 

L represents a neutral Lewjs base; and w represents an integral of 0 to 3. 



2. The complex according to claim 1 , wherein each of the T 1 and T p in the general formula (I) is a phenylene group 
which may have a substituent on a phenyl ring. 

3. The complex according to claims 1 or 2, wherein the M in the general formula (I) is scandium Sc, yttrium Y, 
Jutetium Lu, or lanthanum La. 

4. The complex according to any one of claims 1 to 3, wherein the X in the general formula (I) is N. 

5. The complex according to any one of claims 1 to 4, wherein the E 1 and E 2 in the general formula (I) each represent 
independently a diaryl phosphino group, a dialkyl phosphino group, or an alkylaryl phosphino group. 

6. A complex represented by the following general formula (II) : 



[Chem 4] 
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[0014] In general formula (M), M represents scandium Sc, yttrium Y, lutetium Lu, or lanthanum La. 
[0015] 

7. A complex represented by the following general formula (III): 



[Chem 3] 




- • • (III) 



[0016} In general formula (IJI), M represents scandium Sc, yttrium Y, lutetium Lu, or lanthanum La. 

[0017] Secondary, the present invention is the invention of a polymerization catalyst composition as follows. 

8. A polymerization catalyst composition, comprising the complex according to any one of claims 1 to 7,. 

9. The polymerization catalyst composition according to claim 8, further comprising a catalyst activator. 

1 0. The polymerization catalyst composition according to claim 9, wherein the catalyst activator is an ionic compound 
made of a non-coordination anion and a cation. 

11. The polymerization catalyst composition according to claim 10, wherein the non-coordination anion is a quad- 
rivalent boron anion. 

1 2. The polymerization catalyst composition according to any one of claims 8 to 1 1 , which is used for polymerization 
of olefin. 

13. The polymerization catalyst composition according to claim 12, wherein the olefin is at least one of Isoprene, 
butadiene, or styrene. 

14. A process for producing a polymer, comprising: polymerizing additional polymerizabfe monomers utilizing the 
polymerization catalyst composition according to any one of claims 8 to 13. 

[0018] Thirdly, the present invention is the invention of a polymer as follows, 

15. The process according to claim 14, wherein the additional polymerizable monomer is olefin, and the polymer is 
an olefinpolymer. 

16. The process according to claim 15, wherein: 

the additional polymerizable monomer is at least one of isoprene, butadiene, orstyrene; and 

the polymer is an isoprene polymer, a butadiene polymer, a styrene polymer, a butadiene-isoprene copolymer, 

a butadiene-styrene copolymer, an isoprene-styrene copolymer, or a butadiene-isoprene-styrene copolymer, 

[001 9] Fourthly, the present invention is the invention of a polymer as follows. 

1 7. A conjugated diene polymer, obtained by polymerizing conjugated diene monomers utilizing the polymerization 
catalyst composition according to any one of claims 8 to 13, wherein: 

the cis-1 ,4 content of a micro structure is 90% or more with respect to all of conjugated diene monomer structural 
units; and 

an index of molecular weight distribution, Mw/Mn, is 2.0 or less. 

1 8. The conjugated diene polymer according to claim 1 7, wherein the conjugated diene monomer is at least one of 
butadiene or isoprene. 

1 9. A conjugated diene polymer, having a cis-1 , 4 content of a micro structure of 90% or more with respect to all of 
conjugated diene monomer structural units, and having an index of molecular weight distribution, Mw/Mn, of 2.0 or 
less. 
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20. An isoprene polymer, having a cis-1, 4 content of a micro structure of the polymer of 90% or more, and having 
an index of molecular weight distribution, Mw/Mn of 1 .5 or less. 

21 . An butadiene polymer, having a cis-1 > 4 content in a micro structure of the polymer of 90% or more, and having 
an index of molecular weight distribution, Mw/Mn of 1 .3 or less. 

22. An isoprene-styrene copolymer, having an isoprene content of 5 to 95% in weight percent, having a cis-1 ,4 
content in a micro structure of 90% or more with respect to all of isoprene structural units, and having an index of 
molecular weight distribution, Mw/Mn of 2.0 or less. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] 

FIG. I is a 1 H-NMR spectrum chart of a complex obtained in Example 1 , where a measurement is conducted using 
heavy benzene as a solvent at room temperature. 

FIG. 2 is a 31 P-NMR spectrum chart of the complex obtained in Example 1, where a measurement is conducted 
using heavy benzene as a solvent at room temperature. 

FIG. 3 is an ORTEP diagram of a complex [Lu(CH 2 SiMe 3 ) 2 (PNP) (thf)] obtained in Example 3. 

FIG. 4 is a 1 H-NM R spectrum chart of an isoprene polymer obtained In Example 4, where a measurement is conducted 

using heavy chloroform as a solvent at room temperature. 

FIG. 5 is a 13 C-NMR spectrum chart of the isoprene polymer obtained in Example 4, where a measurement is 
conducted using heavy chloroform as a solvent at room temperature. 
FIG. 6 is a GPC chart of the isoprene polymer obtained in Example 4. 

FIG, 7 is a 1 H-NMR spectrum chart of a complex [Y (CHr>G & H A Ntoe 2 ~o) 9 (PNP)] obtained in Example 12, where a 
rneasureinent is conducted using heavy benzene at room temperature. 

FIG. 8 is a 31 P-NM R spectrum chart of the complex [Y(CH 2 C 6 H 4 NMe 2 -o) 2 (PNP)] obtained In Example 12, where a 
measurement is conducted using heavy benzene at room temperature. 

FIG. 9 is an ORTEP diagram of the complex {Y(CH ? C r> H 4 MMe 2 -o)^{PNP)I obtained in Example 12. 

FIG. 10 is a 1 H-NMR spectrum chart of a butadiene polymer obtained in Example 32, where a measurement is 

conducted using heavy chloroform as a solvent at room temperature. 

FIG. 1 1 is a 13 C-NMR spectrum chart of the butadiene polymer obtained in Example 32, where a measurement is 

conducted using heavy chloroform as a solvent at room temperature. 

FIG. 12 is a GPC chart of a butadiene polymer obtained in Example 27. 

FIG. 13 is a GPC chart of a butadiene polymer obtained in Example 28. 

FIG. 14 Is a GPC chart of a butadiene polymer obtained in Example 30. 

FIG. 1 5 is a DSC chart of the butadiene polymer obtained in Example 28. 

FIG. 16 is a DSC chart of the butadiene polymer obtained in Example 30. 

FIG. 1 7 is a 1 H-NMR spectrum chart of an isoprene-styrene copolymer obtained in Example 34, where a measure- 
ment is conducted using heavy chloroform as a solvent at room temperature. 

FIG. 18 is a 13 G~NMR spectrum chart of an isoprene-styrene copolymer obtained in Example 34, where a meas- 
urement is conducted using heavy chloroform as a solvent at room temperature. 
FIG. 19 is a GPC chart of the isoprene-styrene copolymer obtained in Example 34. 
FIG. 20 Is a DSC chart of the isoprene-styrene copolymer obtained in Example 34. 

BEST MODE FOR CARRYING OUT THF INVENTION 

(1. Complex of the Present Invention) 

[0021] The complex of the present invention contains the central metal M such as a group-3 metal atom ora lanthanoid 
metal atom, a mono-anionic thdentate ligand, monoanionic ligands Q 1 and Q 2 , and neutral Lewis base L in the number 
of w, and rs represented by the following general formula (I): 
[0022] 
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[0023] In the general formula (I), the central metal M may be a group-3 metal atom or a lanthanoid metal but not 
specifically limited thereto. The complex of the present invention can be used as a component of a polymerization catalyst 
composition, so the central metal M can be suitably selected according to the kind of a monomer to be polymerized and 

15 examples thereof preferably include scandium Sc f yttrium Y, lutetium Lu, gadolinium Gd, praseodymium Pr, neodymium 
Nd, and lanthanum La, more preferably, Sc, Y, Lu, and La. In addition, the oxidation number of the central metal M is 3. 
[0024] In the general formula (I), E^T^X-T^-E 2 represents a mono-anionic tridentate ligand. E 1 and E 2 represent 
neutral electron-donating groups, X represents an anionic electron-donating group, where each of them occupies the 
coordination position of the central metal M In addition, T 1 and t 2 are groups that cross-jink anionic electron-donating 

20 groups X with neutral electron-donating groups E 1 and E 2 , respectively. 

[0025] The neutral electron-donating groups E 1 and E 2 are groups that contain ligand atoms selected from Group 1 5 
and Group 1 6, respectively. In addition, E 1 and E 2 may be an identical group or may be different groups. Examples of 
the ligand atom include nitrogen N, phosphorus P, oxygen O, and sulfur S, but preferably P. 

[0026] When the ligand atoms included in any of the above-mentioned E 1 and E 2 is P, examples of the neutral electron- 
's donating group E 1 or E 2 include: (1 ) diaryl phosphino groups such as a diphenyl phosphino group and a ditolylphosphino 
group; (2) diaikylphosphrno groups such as a dimethylphosphino group and a diethylphosphino group; and (3} alkylaryl 
phosphino groups such as a methylphenyl phosphino group, more preferably a diaryl phosphino group. 
When the ligand atom in any of the E 1 and E 2 is N, examples of the neutral electron -donating group E 1 or E 2 include: 
(1) dialkyl amino groups such as a dimethyl amino group, a diethyl amino group, and a bis (trimethylsylyl) amino group; 
so (2) diaryl amino groups such as a diphenyl amino group; and (3) alkylaryl amino groups such as a methyl phenyl group. 
When the ligand atom m any of the E 1 and E 2 is O, examples of the neutral electron-donating group E 1 or E 2 include: 
(1) alkoxy groups such as a methoxy group, an ethoxy group, a propoxy group, and a butoxy group; and (2) aryloxy 
groups such as a phenoxy group and a 2,6-dimethylpherioxy group. 

When the ligand atom In any of the E 1 and E 2 is S, examples of the neutral electron-donating group E 1 or E 2 include: 
30 (1 ) alkyl thio groups such as a methylthio group, an ethyltbio group, a propylthio group, and a butyllhio group; and (2) 
arylthio groups such as a phenylthio group and a tolyithio group. 

[0027] Furthermore, E 1 and E 2 may be heterocyclic groups which include ligand atom selected from Group 15 or 
Group 1 6, respectively. The heterocyclic groups include a fury! group, a benzof uryl group, a thienyl group, a benzothienyl 
group, a pyrazolyl group, a triazolyl group, a tetrazolyl group, a pyridyl group, an imidazolyl group, a benzo imidazolyl 
40 group, indolyl group, an indazolyl group, a quinofyt group, an isoquinolyl group, an oxazolyl group, and a thiazolyl group. 
[0028] The anionic electron-donating group X is a group containing a ligand atom selected from Group 15. Exapmles 
of the ligand atom may be preferably given as phosphorus P or nitrogen N, more preferably M. 

[0029] The cross-linking groups T 1 and T 2 may be groups capable of cross-linking E 1 and E 2 with X, respectively. 

Among them, an allylene group can be exemplified. In addition, T 1 and T 2 may be the identical group or different groups. 
45 The above allylene group can be a phenylene group, a naphthylene group, a pyridilene group, a thienylene group, or 

the like, preferably a phenylene group or a naphthylene group. In addition, on the ary! ring of the above allylene group, 

any group may be substituted. The substituents include: alkyl groups such as a methyl group and an ethyl group; aryl 

groups such as a phenyl group and a tolyl group; hafogeno groups such as fluoro, chloro, and bromo; and sylyl groups 

such as a trirnethylsylyl group- 
ed As the above-mentioned allylene group, more preferably, a 1,2-phenylene group can be exemplified. 

[0030] Examples of the monoanionic tridentate ligand in the complex of the present invention preferably include those 

representedbelow. They can be produced with reference to a producing process example as described below, the 

publication of Organometamcs,23,p4778-4787(2004), or the like. 

[0031] 
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[Chem 8] 




(In the above formula, R represents an alkyl group or an aryl group, Y represents a hydrogen, an alkyl group, a halogeno 
group, a silyl group, or the like). 

[0032] In the above general formula (J), Q 1 and Q 2 are monoanionic ligands. Examples of monoanionic ligands include: 
(1) hydride; (2) haiide; (3) a substitute or unsubstitute hydrocarbyl group having 1 to 20 carbon atoms; (4) a substitute 
or unsubstitute alkoxy or aryloxy group having 1 to 20 carbon atoms; (5) a substitute or unsubstitute amide group having 
1 to 20 carbon atoms (including a silylamide group) ; and (6) a phosphino group, and the hydrocarbyl group is preferably 
exemplified, but not specifically limited to these examples. 

Q 1 and Q 2 may be coupled with each other or may be combined to form a dianionic figand. Examples of the dianionic 
ligand include alkylidene, diene, a cydornetallated hydrocarbyl group, and a bidentate chelate figand. 
[0033] The haiide may be any one of the chloride, bromide, fluoride, and iodide. 

The hydrocarbyl group having 1 to 20 carbon atoms may be an alkyl group such as a methyl group, an ethyl group, a 
propyl group, an isopropyl group, a butyl group, an isobutyl group, a t-butyl group, a penty! group, an amyl group, an 
isoamyl group, a hexyl group, a cyclohexyl group, a heptyl group, an octyl group, a nonyl group, a decyl group, a cetyl 
group, a 2-ethylhexyl group, a 2-phenylethynyl group, a 2-(trimethylsilyl)ethynyJ group, and a 3,3-dimethyl-1-butynyl 
group; an unsubstituted hydrocarbyl group such as a phenyl group and a benzyl group; and a substituted hydrocarbyl 
group such as a trialkylsilylmethyi group, a bis(trialkylsifyl)rnethyl group, an aminophenyJ group, and an aminobenzyl 
group. Of those, a trialkylsilylmethyl group and an amtnobenzyJ group are preferred, More preferred example of the 
trial kyfsilyJm ethyl group includes a trimethylsilylmethyl group. 

[0034] The alkoxy group or aryloxy group preferably includes a methoxy group and a substituted or unsubstituted 
phenoxy group. Preferable examples of the amide group include a dimethylamide group, a diethylamide group, a meth- 
ylethylamide group, a di-t-butylamfde group, a diisopropyJamide group, an unsubstituted or substituted diphenylamkte 
group, and bis(trimeThylsilyf)amide. 

Preferable examples of the phosphino group include a diphenylphosphino group, a dicyelohexylphosphino group, a 

diisopropylphosphino group, a diethyJphosphino group, and a dimethylphosphino group. 

[0035J The alkylidene preferably includes methylidene, ethylidene, propylidene, and benzylidene, 

Preferable examples of the cyclometallized hydrocarbyl group include propylene, butylene, pentylene, hexylene, and 

octylene. 

Preferable examples of the diene include 1 ,3-butadiene, 1 ,3-pentadiene, f ,4-pentadiene, 1 ,3-hexadiene, 1 ,4 hexadiene, 
1,5-hexadiene, 2>4-dimethyl-1,3-pentadiene J 2~methyL1 ,3-hexadiene, and 2,4-hexadiene. 

[0036] In the above general formula (I), L denotes a neutral Lewis base. Examples of the neutral Lewis base include 

tetrahydrofuran (THF), diethyl ether, dimethyl aniline, trimethyl phosphine, and lithium chloride. 

In addition, the neutral Lewis base L may be coupled with Q 1 and/or CP to form a so^cafled polydeniate ligand. 

In the general formula (l), w of Lw denotes the number of the neutral Lewis bases, w is different according to the kind 

of the central metal M, but in general, w is an integral of 0 to 3, preferably 0 or 1 . 

[0037] The complex of the present invention may be a mononuclear complex or may be a polynuclear complex with 
two or more nuclei. 

[0038] The complexes of the present invention are particularly preferably those represented by general formulae (II) 

and (III). 

[0039] 



[Chem 9] 
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[0040] In the general formula (II), M represents scandium Sc, yttrium Y, lutetium Lu, or lanthanum La. 
[0041] 

[Chem 10] 
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[0042] In the general formula (III), M represents scandium Sc, yttrium Y, lutetium Lu, or fanthanum La. 
30 [0043] The complex of the present invention can be produced by the following process using (MX 3 ) or the like as a 
raw material but not limited to such a process. 

(1) A complex in which both Q 1 and Q 2 are halogen can be obtained by reacting trihalometal (MX 3 ) with a mono- 
anionic tridentate ligand precursor in the presence of a base. Subsequently, the complex is reacted with alkyl lithium 

35 or the like, thereby obtaining the complex of the present invention. Here, for example, the mono-anionlc tridentate 

ligand precursor may be an alkaline salt of E 1 -T 1 -X(H)-T 2 -E 2 (e.g., lithium salt). 

(2) Trialkyl metal (MR 3 ) is obtained by reacting MX 3 with alkyl lithium (RLi). The trialkyl metal is then reacted with 
the mono-anionic tridentate ligand precursor, thereby obtaining the complex of the present invention. Mere, for 
example, the mono anionic tridentate ligand precursor maybe E 1 -T 1 -X(H)-T 2 -E ? . 

40 According to the above-mentioned process (1), the step for removal of afkali halide should be carried out twice. In 

particular, the removal of alkali halide from the final product is difficult. On the other hand, according to the above- 
mentioned process (2), there is no alkali halide present in the final product. Thus, the final product can be easily 
purified. 

45 (2. Polymerization Catalyst Composition of the Present Invention) 

[0044] The characteristic feature of the polymerization catalyst composition of the present invention is to contain the 
complex of the present invention as described above, but more preferably characterized by containing a catalyst activator 
in addition. Alternatively, any of other components may be included. The catalyst activator included in the polymerization 
so catalyst composition of the present invention may be an ionic compound, an alkyl aluminum compound, the Lewis base, 
or the like, preferably includes an ionic compound. 

The above catalyst activator activates the complex of the present invention to exert the activity thereof as a polymerization 
catalyst. As an activation mechanism, it can be considered that the above complex may react with the catalyst activator 
and the monoanionrc ligand Q 1 or Q 2 of the complex may be then detached therefrom to generate a cationrc complex 
(active species). 

[0045] The ionic compound is a compound made of an uncoordinated anion and a cation. 

A preferable example of the uncoordinated anion that is a component of an ionic compound includes a tetravalent boron 
anion such as tetraphenylborate, tetrakis(monofluorophenyl)borate, tetrakis(difluorophenyl)borate, tetrakisftrifluoroph- 
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enyl)borate, tetrakis(tetrafluoroph en yl)b orate, tetra kis (p entafluorop he nyl)b orate, tetratolyf borate, tetraxylylborate, pen- 
tafluorophenyltriphenylborate, tris(pentafluorophe^yl)phenylborate, and triuncfeca hydride 7,8-dicarbaundecaborate. 
Of those uncoordinated anions, tetrakis(pentafluorophenyl)borate is preferable. 

[0046] Examples of the cation that is a component of an ionic compound include a carbonium cation, an oxonium 
cation, an ammonium cation, a phosphonium cation, a cycloheptatrienyl cation, and a ferrocemum cation having a 
transition metal. 

A specific example of the carbonium cation includes a In-substituted carbonium cation such as a triphenylcarboniurn 
cation or a tri(substituted-phenyl)carbonium cation. Specific examples of the tri(substUuted-phenyJ)carbonium cation 
incfude a tri(methylphenyl)carbonkim cation and a tri(dimethylphenyl)carbonium cation. 

Specific examples of the ammonium cation include: a trialkylamrnonium cation such as trimethylammonium cation, a 
triethylammonium cation, a tripropylammonium cation, a tributylammonium cation, and tri(n-butyl)ammonium cation; an 
N,N-dia!kyianilinium cation such as an N, N dimethylaniliniurn cation, an N,N-diethylanilinium cation, and an N,N-2,4,6- 
pentamethyfanilinium cation; and a dialkylammonium cation such as a diisopropylammonium cation and a dicyclohex- 
yJammopjum cation. 

A specific exampJe of the phosphonium cation includes a tfiarylphosphomum cation such as a triphenylphosphonium 
cation, a tri(methylphenyl)phosphonjum cation, and a tri(dimethyfphenyl)phosphonjum cation. 

Of those cations, anilinium cation and carbonium, cation are preferable, and an N,N-dialkyfanilinium cation and triphe- 
nylcarbonium cations are more preferable. 

[0047] Examples of the alky! aluminum compound include: a trialkyl aluminum such as triethyl aluminum and tributyl 
aluminum; and an aluminooxanesuch as MAO and MMAO. Examples of the Lewis acids include B(C e F 5 ) 3 and Ai(C G F & ) 3 . 
[0048] As described above, the polymerization catalyst composition of the present invention is characterized by in- 
cluding both the complex and the catalyst activator. The ratio of a mole content of the catalyst activator to that of the 
complex in the catalyst composition varies according to the kinds of the complex and the catalyst activator. For instance, 
when the catalyst activator is an ionic compound, the mole content of the catalyst activator is preferably 0.5 to 5 times, 
more preferably 1 time that of the complex. 

[0049] The complex of the present invention reacts with the catalyst activator thereby generating an active species of 
the catalyst. However, the complex of the present invention may be an active species of the catalyst generated by 
activating the complex with the catalyst activator. 

Here, the term "active species of the catalyst" may be a cation formed by detachment of the monoaniomc ligand Q 1 or 
Q 2 from the complex. The active species of the catalyst is estimated to, for example, a cation complex having a structure 
represented by the formula below. In the following formula, Q 3 is Q\ as rnentioned-above or a group having one or 
more monomers between one of Q 1 and Q ? , and M (in other words, the group where Q is added to one or more monomers). 
[0050] 



[0051] The polymerization catalyst composition of the present invention is used to polymerize various kinds of mom 
orners. A polymerization reaction on which the polymerization catalyst composition of the present invention can act as 
a catalyst is a polymerization reaction of monomers with addition polymerization characteristics. The addition polymer- 
izable monomers include olefin-based monomers, epoxy-based monomers, isocyanate-based monomers, lactone- 
based monomers, lactide-based monomers, cyclic carbonate-based monomers, and alkine-based monomers. The po- 
lymerization catalyst composition of the present invention is used as a polymerization catalyst preferably for an olefin- 
based monomer, more preferably for a diene-based polymer, still more preferably for isoprene or butadiene, in addition, 
it may be used as a polymerization catalyst for styrene. 
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(3. Process for Producing Polymer of the Present Invention) 

[0052] The process for producing the polymer of the present invention is characterized by including the step of po- 
lymerization of any polymerizable monomer using the polymerization catalyst composition of the present invention 

5 described above. In addition, the process for producing the polymer of the present invention can be designed in the 
same manner as one using the conventional polymerization catalyst utilizing a coordination ion (e.g., Ziegler-Nattacat- 
alysL) except for adopting polymerization catalyst composition of the present invention as a polymerization catalyst. 
The process for producing the polymer of the present invention includes the step of polymerization of any polymerizable 
monomer with a vapor phase polymerization method, a solution-polymerization method, a suspension-polymerization 

10 method, a liquid phase bulk-polymerization method, an emulsion-polymerization method, a solid-phase-polymerization 
method, or the like, preferably the step of polymerization with the solution-polymerization method. 
[0053] The polymerizable monomer to be polymerized by the producing process of the present invention may be any 
polymerizable monomer, preferably addition polymerizable monomer such as an olefin-based monomer, an epoxy- 
based monomer, an isocyanate-based monomer, a lactone-based monomer, a lactide-based monomer, a cyclic car- 

*s bonate-based monomer, or an aikine-based monomer, a combination thereof, more preferably the olefin-based monomer. 
The olefin-based monomer is preferably a diene-based monomer, more preferably a conjugated diene-based monomer, 
still more preferably isoprene or butadiene. In addition, styrene may be also preferably used. One of these monomers 
may be polymerized, ortwo or mo re of them maybe co-polymerized. For the copolymerization, for example, it is preferable 
that plurality of kinds of the conjugated diene-based monomers such as isoprene and butadiene, may be used or at 
..20 least one of the conjugated drene-based monomers may be used together with styrene. Note that, in the present invention, 
when the term "polymerization" or "polymer" is simply used herein, it may include the meanings of ^polymerization" 
or "copolymer 1 ' according to the monomer to be used. 

[0054] In particular, for example, it can be carried out by the following procedures; 

25 (1) in a system containing the polymerization catalyst composition of the present invention (preferably a liquid phase 

system), a polymerizable monomer is supplied to carry out polymerization. Here, when the monomer is in liquid 
form, it can be supplied by dropping. On the other hand, when it is in gas form, it can be supplied through a gas tube, 
(2) In a system containing the polymerizable monomer (preferably a liquid phase system), the polymerization catalyst 
composition of the present invention can be added or the components of the polymerization catalyst composition 

30 can be individually added, thereby allowing the monomer to be polymerized. The catalyst composition to be added 

may be previously prepared and activated. 

[0055] Whentheproducingprocessofthe present invention includes a polymerization step by a solution-polymerization 
method, a solvent used is inactive in a polymerization reaction, and a solvent capable of dissolving the monomer and 

35 the catalyst composition can be used. Examples of such a solvent include: saturated aliphatic hydrocarbons such as 
butane, pentane, hexane, and heptane; saturated alicyclic hydrocarbon such as cyclopentane and cyclohexane; aromatic 
hydrocarbon such as benzene and toluene; halogenated hydrocarbons such as methylene chloride, chloroform, carbon 
tetrachloride, trichloro ethylene, perchloroethylene, 1 ,2-dbhloroethane, chlorobenzene, bromobenzene, and chlorotol- 
uene; and ethers such as tetrahydrofuran and diethyl ether. 

40 These solvents may be suitably selected according to the kinds of the complexto be used orthe like. Preferable examples 
of the solvent include: aromatic hydrocarbon such as benzene and toluene; and halogenated hydrocarbons such as 
methylene chloride, chloroform, carbon tetrachloride, trichloro ethylene, perchloroethylene, 1 ,2-dichloroethane, chlo- 
robenzene, bromobenzene, and chlorotoluene. Among them, chlorobenzene is more preferably used. 
The solvent may be either a single solution or mixed solutions. 

45 The amount of the solvent to be used may be suitably selected according to the kind of the monomer, the composition 
of the polymerization catalyst composition, orthe like. 

[0056] When the producing process of the present invention includes the polymerization step by the solution-polym- 
erization method, the polymerization reactionmay be carried out at any reaction temperature, for example, in the range 
of -90°C to 1 00°C. The reaction temperature may be suitably selected accordingto the kind of monomerto be polymerized, 
50 or the like. In general, however, it can be set to be close to room temperature. 

The reaction time in the above-mentioned polymerization reaction may be also suitably selected according to the com- 
position of the polymerization catalyst, so it may be in the range of about several seconds to several hours. 

(4. Conjugated Diene-Based Polymer of the Present Invention) 

55 

[0057] The conjugated diene-based polymer of the present invention is a polymer or a copolymer, which is prepared 
by polymerization of one kind ortwo or more kinds of the conjugated diene-based monomers as described above, and . 
characterized by its high cfs-1 ,4 content in its micro structure. The structural unit of the conjugated diene-based polymer 
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can be classified into a cis-1,4 structural unit, a trans-1 ,4 structural unit, a 3,4 str uctural unit, a 1,2 structural unit, or the 
like according to its coupling style. The conjugated cfiene-based polymer otthe present invention means one having a 
high ratio of the cis-1,4 structural unit to all of the structural units therein. Specifically, the ratio of the cis-1,4 structural 
unit to the whole structural units is 90% or more, preferably 95% or more. The ratio can be determined from 1 H-NMR 
or 13 C-NMFV 

[0058J The conjugated diene-based polymer of the present invention is not only characterized by its high ratio of the 
cis-1 , 4 structural unit to the whole structural units as described above, but also characterized by a small range of its 
molecular weight distribution (Mw/Mn). The Mw/Mn of the conjugated diene-based polymer of the present invention is 
generally 2.0 or less. In the conjugated diene-based polymer of the present invention, the small molecular weight dis- 
tribution means thai the Mw/Mn is generally 1.6 or less, preferably 1 .5 or less, more preferably 1.3 or less, particularly 
preferably 1 .2 or less. 

The molecular weight distribution of the conjugated diene-based polymer of the present invention can be determined 
by the GPC method. For example, it can be determined by using a GPC-measuring apparatus (TOSOH HLC 8220 GPC, 
standard substance: polystyrene, eluate: tetrahydrof uran, measured at 40°C). 

[0059] The conjugated diene-based polymer of the present invention is characterized in that the ratio of the cis-1, 4 
structural unit to the whole structural units is high as described above. Besides, itmay have a molecular weight distribution 
(Mw/Mn) of 2.0 or less in general. Preferably, the molecular weight distribution is small. The small molecular weight 
distribution means that Mw/Mn is 1.6 or less, preferably 1.3 or less, more preferably 1 .2 or less. 

The molecular weight distribution of the conjugated diene-based polymer of the present invention can be determined 
by the GPC method. For example, it can be determined by using a GPC-measuring apparatus (TOSOH HLC 8220 GPC, 
standard substance: polystyrene, eiuate: .tetrahydrof uran, measured at 40°C). 

[0060] A molecular weight of the conjugated diene-based polymer of the present invention is not specificalfy limited 
to, but a number average molecular weight Mn thereof is preferably 1 x10 4 ormore, more preferably 1 x 1 0 s or more. 
The upper limit thereof is also not specifically limited but it may be 1 x 1 0 7 or less. 

The number average molecular weight of the conjugated diene-based polymer of the present invention can be determined 
by the GPC method. Specifically, it can be determined by the same GPC method as the one used in the measurement 
of the molecular weight distribution as described above. 

[0061]. The conjugated diene-based polymer of the present Invention can be produced by polymerization of one or 
two or more kinds of the conjugated diene-based monomers using the polymerization catalyst composition of the present 
invention as described above. For instance, one or two or more kinds of conjugated dienes may be polymerized by 
solution-polymerization with toluene or chlorobenzerte as a solvent. The amount of the solvent to be used may be 
arbitrarily-selected. 

The amounts of the complex and the ionic compound to be used in The polymerization are preferably at a mole ratio of 
about 1 : 1, In addition, the mole amount of the complex is preferably 0.00001 to 0.01 times higher than that of trie 
conjugated diene-based monomer. The reaction may be carried out at about room temperature and the reaction time 
period may be about several minutes to one hour, but not specifically limited. 

{5. Isoprene Polymer of the Present Invention) 

[0062] The isoprene polymer of -the present invention is characterized by its high cis 1 ,4 content in its micro structure. 
That is, the structural unit of the isoprene polymer can be classified into a cis^1,^ structural unit, a trans-1,4 structural 
unit, a 3,4 structural unit, or a 1,2 structural unit according to its coupling style. The isoprene polymer of the present 
inventionmeans one having a high ratio of the cis-1 ,4" 4 structural unit to all of the structural units. Specifically, the ratio 
of the cis-1 ,4 structural unit to the whole structural units is 90% or more, preferably 95% or more, more preferably 97% 
or more, still more preferably 99% or more. The ratio can be determined from 1 H-NMR or 13 C-NMR. 
[0063] 
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[0064] The isoprene polymer of the present invention is characterized by not only the high ratio of the cis-1 ,4 structural 
unit as describee] above, but also characterized by small molecular weight distribution (Mw/Mn). The small molecular 
weight distribution means that Mw/Mn is 1.6 or less, preferably 1,5 or jess, more preferably 1.3 or less, particularly 
preferably 1 .2 or less. 

5 The molecular weight distribution of the isoprene polymer of the present invention can be determined by the GPC method. 
For example, it can be determined by using a G PC-measuring apparatus (TOSOH HLC 8220 GPC, standard substance: 
polystyrene, eluate: tetrahydrofuran, measured at 40°C). 

[0065] Amolecular weight of the isoprene polymer of the present invention is not specifically limited to, but a number 
average molecular weight Mn thereof is preferably 1 x 10^ or more, more preferably 1 x 10 r ' or more. The upper limit 
to thereof is also not specifically limited but it may be 1 x 1 0 7 or less. 

The number average molecular weight of the isoprene polymer of the present invention can be determined by the GPC 
method. Specifically, it can be determined by the same GPC method as one used in the measurement of the molecular 
weight distribution as described above. 

{0066] The isoprene polymer of the present invention can be produced by polymerization of isoprene using the po- 
v> lymerization catalyst composition of the present invention as described above. For instance, isoprene may be polymerized 
by solution-polymerization with toluene or ehiorobenzene as a solvent. The amount of the solvent to be used may be 
arbitrarily-selected. 

The amounts of the complex and the ionic compound to be used in the polymerization are preferably at a rnole ratio of 
about 1: 1. In addition, the mole amount of the complex is preferably 0.00001 to 0,01 times higher than that of isoprene. 
The reaction temperature may be carried out at about room temperature and the reaction time period may be about 
several minutes to one hour, but not specifically limited. 

In addition, a production example of an isoprene polymer is described in examples below. 
{6. Butadiene Polymer of the Present Invention) 

25 

[0067] The butadiene polymer of the present invention is characterized by its high cis-1 ,4 content in its micro structure. 
The structural unit of the butadiene polymer can be classified into a cis-1 ,4 structural unit, a trans-1, 4 structural unit, 
and a 1,2 structural unit according to its coupling style. The butadiene polymer of the present invention means one 
having a high ratio of the cis-1 ,4 structural unit to all of the structural units. Specifically, the ratio of the cis-1 ,4 structural 
so unit to the whole structural units is 90% or more, preferably 95% or more, more preferably 98% or more, still more 
preferably 99% or more. The ratio can be determined from 1 H-NMR or 13 G-NMR. 

[0068] The butadiene polymer of the present invention is characterized by not only the high ratio of the cis-1, 4 structural 
unit as described above but also characterized by small molecular weight distribution (Mw/Mn). The small molecular 
weight distribution means that Mw/Mn is L6 or less, preferably 1.5 or less, more preferably 1 .3 or less, particularly 
35 preferably 1 .2 or less. 

The molecular weight distribution of the butadiene polymer of the present invention can be detennined by the GPC 
method. For example, it can be determined by using a GPC-measuring apparatus (TOSOH HLC 8220 GPC, standard 
substance: polystyrene, eluate: tetrahydrofuran, measured at 40°C). 

[0069] A molecular weight of the butadiene polymer of the present invention is not specifically limited to, but a number 
*to average molecular weight Mn thereof is preferably- -1 x 10 4 or more, more preferably 1 x-10 5 or more, The upper limit 
thereof is also not specifically limited but it may be 1 x 10 7 or less. 

The number average molecular weight of the butadiene polymer of the present invention can be determined by the GPC 
method. Specifically, it can be determined by the same GPC method as one used in the measurement of the molecular 
weight distribution as described above. 
**5 [0O7O] The butadiene polymer of the present invention can be produced by polymerization of butadiene by using the 
polymerization catalyst composition of the present invention as described above. For instance, butadiene may be po- 
lymerized by solution-polymerization with toluene or ehiorobenzene as a solvent. The amount of the solvent to be used 
may be arbitrarily-selected. 

The amounts of the complex and the ionic compound to be used in the polymerization are preferably at a mole ratio of 
50 about 1 : 1 . In addition, the mole amount of the complex is preferably 0.00001 to 0.01 times higher than that of butadiene. 
The reaction may be carried out at about room temperature and the reaction time period may be about several minutes 
to one hour, but not specifically limited. 

In addition, a production example of a butadiene polymer is described in examples given below. 

55 (7. isoprene-Styrene Copolymer of the Present Invention) 

[0071] The isoprene -sty rene copolymer of the present invention is characterized by its high cis-1, 4 content of isoprene 
in its micro structure. Specifically, in all isoprene structural units within copolymer, the ratio of the cis-1, structural unit 
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Is 90% or more, preferably 95% or more, more preferably 97% or more. The ratio can be determined from 1 H : NMR 
or ,3 C-NMR. In addition the content ratio of isoprene and styrene is not specifically limited, but the content of isoprene 
is preferably 5 to 95%, more preferably 10 to 90% in terms of weight ratio in the copolymer 

[0072] The isoprene-styrene copolymer of the present invention is characterized by not only the high ratio of the cis- 
1 , 4 structural unit as described above but also characterized by small molecular weight distribution (Mw/Mn). In general, 
the Mw/Mn is 2.0 or less but the small molecular weight distribution means that Mw/Mn is 1 .6 or less, preferably 1 .5 or 
less, more preferably 1 .3 or less, particularly preferably 1 ,2 or less. 

The molecular weight distribution of the isoprene-styrene copolymer of the present invention can be determined by the 
GPC method. For example, ii can be determined using a GPC-measurrng apparatus (TOSOH HLC 8220 GPC, standard 
substance; polystyrene, eluate: tetrahydrofuran, measured at 40°C). 

[0073] A molecular weight of the isoprene styrene copolymer of the present invention is not specifically limited to, but 
a number average molecular weight Mn thereof is preferably 1 x 1 0< or more, more preferably 5 x 10 4 or more. The 
upper limit thereof is also not specifically limited but it may be 1 x1 0 ? or less. 

The number average molecular weight of the isoprene-styrene copolymer of the present invention can be determined 
by the GPC method. Specifically, it can be determined by the same GPC method as one used in the measurement of 
the molecular weight distribution as described above. 

[0074] The isoprene-styrene copolymer of the present invention can be produced by polymerization of isoprene and 
styrene by using the polymerization catalyst composition of the present invention as described above. For instance, 
isoprene and styrene may be polymerized by solution-polymerization with toluene or chJorobenzene as a solvent. The 
amount of the solvent to be used may be arbitrarily-selected. 

The amounts of the complex and the ionic compound to be used in the polymerization are preferably at a mole ratio of 
about 1 : 1 , In addition, the mole amount of the complex is preferably 0,00001 to 0.01 times higherthan that of isoprene. 
The reaction temperature may be carried out at about room temperature and the reaction time period may be about 1 
to 48 hours, but not specifically limited. 

In addition, a production example of an isoprene-styrene copolymer is described in examples below. 



[0075] Hereinafter, the present invention is descnbed in more detail with reference toexamples and reference examples 
but the scope of the present invention wilJ not be fimited thereto, 

(Tridemate Ligand Precursor: Synthesis of Bis(2-diphenjrlphosphinophenyl)amine) 

[0076] Under argon atmosphere, a toluene solution prepared by adding tofuene (90 ml) to 2-fluoroaniljne (1 20 mmol), 
l-bromo-2-fluorobenene (100 mmot), paradium acetate (0.5 mmol), BfNAP (0,75 mmol), and KOBu 1 (140 mmol) was 
refluxed for one day. After cooling to room temperature, water (200 ml) was added to the mixture and an organic 
compound was then extracted by tofuene. A low boiling point material was distilled off from a resulting organic layer- 
under reduced pressure and obtaining bis (2Tluorophenyl) amine as a dark purple liquid (a crude yield of 1 00%). 
THF was removed from a commercialiy-avaiJablc KPPh^ in THF solution (0,5 M, 100 ml), and then a solution in which 
the resulting bis (2 fluorophenyl) amine (50 g, 24.4mmmol) was added and dissolved in 1 ,4 dioxane (40 ml) was added 
thereto. The resulting solution was refJuxed for two days. After cooling to room temperature, the solvent was distilled off 
and the residue thus obtained was added with water and cfichloromethane to separate an organic layer, followed by 
extracting the organic layer from a water layer with dichforomethane, A low boiling point material was distilled off from 
the organic layer under reduced pressure and then dried under reduced pressure. Ethanol was added to the residual 
oil and a precipitated white solid was then obtained by filtration. The white solid thus obtained was washed with ethanol 
and recrystallized from dichloromethane/ethanol, thereby obtaining bis(2-diphenylphosphinophenyl)amine as a trans- 
parent crystal. 



EXAMPLES 



[0077] 
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(Example I : Synthesis of Complex) 

[0078] Under nitrogen atmosphere, YCJ 3 (1 .96 g, 10.0 mmol) was suspended in THF (20 ml) and then add by dripping 
down with Li (CH 2 SiMe 3 ) (2.86g, 30mmoJ) lr> THF solution (20ml) for 1 hour at room temperature. After dripping down, 
THF was removed from the resulting solution under reduced pressure. Hexane was added to the residue and an insoluble 
material was then removed by filtration, The filtrate was concentrated and the concentrated product was then cooled to 
-20°G. Afler a separated oily product in the bottom of a vessel was removed, a low boiling point material was completely 
removed under reduced pressure, thereby obtaining a tris (trimethylsilylrnethyl) yttrium complex [Y{CH 2 Si(Vte 3 ) 3 (thf)^]. 
Bis (2-diphenylphosphinophenyl) amine (8B mg, 0, 20 mmol) in THF solution (1.0 ml) was added by dripping down to 
the above obtained complex [Y(CH 2 SiMe 3 ) 3 (tht) 2 ] (100 mg, 0,20 mmol) in THF solution (5.0 ml) at room temperature. 
After dripping down, the color of the solution varied from light yellow to strong yellow immediately. The low boiling point 
material was removed from the resulting solutfon under reduced pressure and then dried under reduced pressure, 
thereby obtaining [Y{CH 2 SiMe 3 } 2 (PNP)(thf)] as a crude product (almost quantitative). The resulting crude product was 
recrystallizedfromtoluene/hexane, thereby isolating [Y(CH 2 SiMe 3 ) 2 (PNP)(thf)] as a yellow crystal. Here, PNP represents 
bis(2-*diphenylphosphinophenyl) amido, which is atridentate ligand. 

1 H NMR (C fi D fi , 5/ppm): 7.48 (m, 8H, aromatic), 7.1-6.9 (m, 18H, aromatic), 6.56 (t, 2H, aromatic), 3.59 (br, 4H, THF), 
1.16 (br, 4H 7 THF), 0.28 (s, 18H, 6Me), -0.01 (s, 4H, 2CH 2 ) 
31 P-NMR (C G D G , 5/ppm): -10.8 (d, J YP = 39 Hz) 
[0079] 
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YCI 3 + 3 U(CH 2 3iMe 3 ) "^' C ' ^ Y(CH 2 SiMe 3 ) 3 (thf) ? 

I nr t rx 



Y(GH 2 SiMe 3 ) 3 (thf)-> 
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SiMe 4 
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Me^SiCH/ 
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^PPh 2 

XH 2 SiMe 3 



<thf) n 



(Example 2: Synthesis of Complex) 

[0080] [Sc{CH 2 SiMe 3 ) 3 (thf) 2 ] was obtained by the same way as that of Example 1 except that ScCI 3 was used instead 
of YCI3. Furthermore, [Sc(CH 2 SiMe 3 )^(PNP)J was isolated (THF molecule was uncoordinated on the resulting Sc com- 
plex). 

1 H-NMR (C G D 6 , 6/ppm) : 7.60 (m, 8H, aromatic), 7.1^6.9 (m, 18H, aromatic), 6,55 (t, 2H, aromatic), 0.12 (s, 1 8H, 6Me), 

-0.16 (s, 4H,2CH 2 ) 

aip^NMR (C 6 D G! 67ppm): -8.3 (s) 

(Example 3: Synthesis of Complex) 

[0081] [Lu(CH 2 SiMe 3 ) 3 (thf) 2 ] was obtained by the same way as that of Example 1 except that LuCI 3 was used instead 

of YCl 3 . Furthermore, [Lu (CH 2 SiMe 3 ) 3 (thf) 2 ] was obtained and [LuCH 2 Silv1e 3 ) 2 (PNP) (thf)] was isolated. 

1 H-NMR (C (J D r> , 5/ppm): 7.54 (m, 8H, aromatic), 7.1-6.9 {m, 1 8H, aromatic), 6.54 (t, 2H, aromatic), 3.62 (br, 4H, THF), 

1.21 (br, 4H> THF), 0.22 (s, 18H, 6Me), -0.12 (s t 4H, 2CH 2 ) 

;31 P-NMR (C 6 D 6l o/ppm): 0.5 (s) 

The complex [Lu(CH 2 SiJvle 3 ) 2 (PNP) (thf)] was recrystaliized from toluene to obtain an yellow single-crystal and the 
structure thereof was then determined by X-ray crystal structure analysis. The measurement was carried out at -100°C 
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and obtaining with a direct method, followed by refining with respect to the square of the structural factor F (R). R and 
wR2 factors that indicate the degree of correspondence between the structural model and the actual crystal structure 
are 0. 0285 and 0. 0709, respectively, t he GOF value, which indicates the degree of adaptation of the structural model, 
was 0.999. A crystafsoiventcontaining0.5tofuene molecule percompiex molecule and the molecular formula thereof was 
c 5i.5 H 62 LuNOP 2 Si ? wftn a molecular weight of 1 004. 1 1. A crystalline system was a triciinic system with a space group 
of P-1, where two complex molecules resided in one unit lattice. Lattice parameters included lengths of three sides of 
a= 12,314 (1), 13.805 (2), and c ■= 16.555 (2) A, three angles of a = 88.689 (2), p = 80.048 (1), andy- 65.261 (1), 
a volume of 2513.7 (5) A' J , a density (calculated value) of 1 .327 g cnr 3 , and a linear absorption coefficient p, (Mo - K a) 
of 21 .10 cnr 1 . RG. 3 shows an ORTEP diagram. However, hydrogen atoms and a crystalline solvent are omitted, 

(Example 4: Production of Isoprene Polymer) 

[0082] In a glass reaction container {100 ml) in a globe box under nitrogen atmosphere, [Y{CH 2 SiMe 3 )2 (PNP) (thf) 
(0.22 g, 25 ^mol) of chlorobenzene solution (5mJ) and isoprene (1 .022 g, 15 m mo I) were added, then chlorobenzene 
solution (5 ml) of [PhMe^NH][B(C 6 F 5 ) 4 ] (0.020 g, 25 M.mol) was added. The mixture was reacted for 20 minutes at room 
temperature and then added with methanol to terminate the polymerization. The reaction solution was poured into a 
methanol solution containing a small amount of hydrochloric acid and butyl hydroxytoluene (stabilizer). The precipitated 
polymer product was filtrated and then washed with methanol and dried for 48 hours at 50°C, thereby obtaining 1 .02 g 
of polymer (Yield: 100%). 

(Example 5: Production of Isoprene Polymer) 

[0083] A poiymer was obtained by the same way as that of Example 4 except that the reaction time was set to 10 
minutes (Yield: 40%). 

(Example 6: Production of Isoprene Polymer) 

[0084] A poiymer was obtained by the same way as that of Example 4 except that the reaction time was set to 15 
minutes (Yield: 90%). 

(Example 7: Production of Isoprene Polymer) 

[0085] A polymer was obtained by the same way as that of Example 4 except that the reaction temperature was set 
to 0°C and the reaction time was set to 3 hours (Yield: 100%). . . - : ; 

(Example 8: Production of Isoprene Polymer) 

[0086] A polymer was obtained by the same way as that of Example 4 except that the reaction temperature was set 
to 50°C and the reaction time was set to 10 minutes (Yield: 100%). 

(Example 9: Production of Isoprene Polymer) 

[0087] A poiymer was obtained by the same way as that of Example 4 except that a reaction was carried out at room 
temperature for 30 minutes and isoprene (1 .022 g, 15 mrnoi) are additionally provided for an additional reaction at room 
temperature for 30 minutes (Yield: 1 00%). 

(Example 10: Production of Isoprene Polymer) 

[0088] A polymer was obtained by the same way as that of Example 4 except that [Ph 3 C][B(C 6 F s ) 4 ] was used instead 
of [Ph'Me^NH][B(C 6 Fj0 4 ] and the reaction time was set to 1 hour (Yield: 79%). 

(Example 1 1 : Production of isoprene Polymer) 

[0089] A polymer was obtained by the same way as that of Example 10 except that toluene was used instead of 
chlorobenzene (Yield: 51%). 
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(Comparative Example 1) 

[0090] A small amount of pofymer was obtained by the same way as that of Example 4 except that B(C 6 F 5 ) 3 was used 
Instead of [PhMe^NH][B(C 6 F 5 ) 4 ] and the reaction time was set to 1 hour. 

(Comparative Example 2) 

[0091] The reaction was carried out by the same way as that of Example 4 except that [PhMe^NH][B(C 6 F 5 ) 4 ] was not 
used and the reaction time was set to 1 hour. However, a polymer could not be obtained. 

[0092] The number average molecular weights, molecular weight distributions, micro structures, and glass transition 
temperatures of the polymers obtained in Examples 4 to 1 1 were described in Table 1 , respectively. The number average 
molecular weight and the molecular weight distribution were determined using the GPC as described above (standard 
substance: polystyrene). The micro structure was determined using T H-NMR and 13 C-NMR. The glass transition tem- 
perature was measured using DSC. 
[0093] [Table 1] 
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[0094] As is evident from Table 1 , isoprene can be polymerized using the complex of the present Invention. In addition, 
it is found that the isoprene polymer thus obtained has a crs-1,4 content of about 100% while a molecular-weight 
distribution being extremely sharp. 

s (Example 12: Synthesis of Complex) 

[0095J Under nitrogen atmosphere, YCI 3 (1 .96 g, 1 0.0 mrnol) was suspended In THF (20 ml) and Li (CH y C 6 H 4 NIV1e 2 -o) 
(4.24 g, 30 mrnol) in THF solution (20 ml) was then added dropwise to the suspension for 1 5 minutes at room temperature. 
After completing the dropping, the mixture was stirred for 30 minutes and THF was then removed from the resulting 
to solution under reduced pressure. Toluene was added to the residue and an insoluble material was then removed through 
filtration. The filtrate was concentrated and the concentrated product was then cooled to 20°C, thereby obtaining tris 
(o-N,N-dimethylaminobenzyl) yttrium complex [Y(CH 2 C 6 H^NMe 2 -o) 3 ]. 

Bis(2-diphenylphosphinophenyf)amine (1 .73 g, 3,21 mrnol) in toluene sofution (20 ml) was added dropwise to the complex 
Y(CH 2 C 6 H 4 NMe 2 -o) 3 (1 .58 g, 3.21 mrnol) in toluene solution (5.0 ml) obtained as described above at room temperature 
15 for 20 minutes and stirred for 24 hours. After the dropping, the color of the solution was turned from light yellow to strong 
yellow. A low boiling point material was removed from the resulting solution under reduced pressure and the residue 
was then washed twice with cooled 5 ml of n-hexane. Subsequently, it was'dried under reduced pressure, thereby 
obtaining [Y(CH 2 C 6 H 4 NMe 2 -o) 2 (PNP)]. The resulting product was yellow powder (Yield: 2.439 g, 85%). 
1 H-NMR (C 6 D 6 , S/ppm): 7,91 (m f 8H, aromatic), 7.06 (m,2H, aromatic), 7.01 (m, 12H, aromatfc), 6.85 (t, 4H, aromatic), 
6.73 (d, 2H t aromatic), 6.67 [m, 4H, aromatic), 6.61 (m, 2H, aromatic), 6.53 (t, 2H, aromatic), 2,46 (s, 12H, 4Me), 1 .99 
(s, 4H, 2CH 2 ) 

3 *P-NMR <C 6 D 6l S/ppm): -8.46 (d, J YP = 35 Hz) 

The complex [Y(CH 2 C 6 H 4 NMe 2 ) 2 (PNP)] was recrystaflized from toluene to obtain an yellow single-crystal and the struc- 
ture thereof was then determined by X-ray crystal structure analysis. The measurement was carried out at -100°C and 
obtaining with a direct method, followed by refining with respect to the square of the structural factor F (F 2 ). R and wR2 
factors that indicate the degree of correspondence between the structural model and the actual crystal structure are 0. 
0587 and 0. 1553, respectively. The GOF value, which indicates the degree of adaptation of the structural model, was 
1.083. A crystal solvent containing three toluene molecules per complex and the molecular formufa thereof was 
C 75 H 76 N 3 P 2 Y with a molecular weight of 11 82.25. A crystalline system was a triclinic system with a space group of P- 
30 1, where two complex molecules resided in one unit lattice. Lattice parameters include lengths of three sides of a - 
14.314 (2), b = 15.038 (2), and c = 16.107 (2) A, three angles of a = 69.089 (2), (5 - 66.875 (2), andy^ 84.181 (2)°, a 
volume of 2975.4 (6) A 3 , a density (calculated value) of 1.320 g cm* 3 , and a linear absorption coefficient p, (Mo - K a) 
of 10.82 cm 1 . FIG. 9 shows an ORTEP diagram, but hydrogen atoms and a crystalline solvent are omitted. 
[0096] 

35 

[Chem 15] 



v 40 

Y(CH 2 C 6 H 4 NMe 2 ~0) 3 +- 

45 




so (Example 1 3: Synthesis of Complex) 

[0097J [Sc(CH 2 C 6 H^NMe 2 -c>)3] was obtained by the same way as that of Example 12 except that ScCI 3 was used 
instead of YCI 3 . Furthermore, [Sc(CH 2 C 6 H 4 NMe 2 -o) 2 (PNP)] was isolated. 

1 H-NMR (C fi D 6 , 6/pprn): 7.42 (n% 8H, aromatic), 7.1 1 (t, 2H, aromatic), 7.02 (m, 12H, aromatic), 6.90 (m, 2H, aromatic), 
55 6.85-6.75 (m, 8H, aromatic), 6.63-6.55 (m, 4H, aromatic), 2.50 (s, 12H, 4Me), 2.33 (s, 4H, 2CH 2 ) 
31 P-NMR (C 6 D 6) 6/pprn): -10.2 (s) 
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(Example 14: Synthesis of Complex) 

[0098] [Lu(CH 2 G fi H^NMe 2 -o) 3J was obtained by the same way as that of Example 12 except that LuCf 3 was used 
instead of YCI 3 , Furthermore, [Lu(CH 2 C 6 H 4 NMe 2 -o) 2 (PNP)] was isolated. 
a 1 H-NMR (C 6 D 6 , 8/ppm): 7.30 (m, 8H, aromatic), 7.05 {t, 2H, aromatic),7.01 (m f I2H, aromatic), 6.86 (m, 4H, aromatic), 
6. 78-6. 68 (n% 6H, aromatic), 6.59 (m, 2H, aromatic), 6.54 (t, 2H, aromalic), 2.48 (s, 12H, 4Me), 1 . 96 (s, 4H, 2CH 2 ) 
31 P-NMR (C 6 D 6 , oVppm): -3.82 (s) 

(Example 15: Synthesis of Complex) 

10 

[0099] [La(CH 2 C 6 H 4 NMe 2 o) 3 ] was obtained by the same way as that of Example 12 except that La (OS0 2 CF 3 ) 3 was 
used instead of YCI 3 . Furthermore, [La(CH 2 C c H 4 NMe 2 o) 2 (PNP)] was isolated. 

1 H-NMB (C 6 D 6 , S/ppm): 7.42 (m, 8H, aromatic), 7.0-7.15 (m, 1 4H, aromatic), 6.88 (m, 4H, aromatic), 6.81 (in, 2H, 
aromatic), 6.65 (m, 2H, aromatic), 6.54 (m, 6H, aromatic), 2.20 (s, 12H, 4Me), 2.15 (s, 4H f 2CH 2 ) 
15 3ip-NMR (C 6 D 6J oVppm): 0.87 (s) 

(Example 16: Production of Isoprene Polymer) 

[0100] In a globe box, a magnetic stirring bar was placed in a ffask (100 ml) and then added with isoprene (1.022 g, 
so 15.0 mmol), [Y(CH 2 C 6 H 4 NMe r o)^(PNP)] (0.023 g, 25 ,unol) in chlorobenzene solution (8 ml). Subsequently, under 
high-speed stirring, [PhMe 2 NH][B(C G F 5 ) 4 ] (0.020 g, 25 ijunol) in chlorobenzene solution (2 ml) was added. The reaction 
proceeded while stirring at room temperature for 5 minutes and the polymerization was then terminated by the addition 
of methanol. The reaction solution was poured into 200 ml of a methanol solution containing small amounts of hydrochforic 
acid and butylhydroxy[ toluene (stabilizer). The precipitated polymer product was separated by decantation, washed 
25 with methanol, and dried at 60°C, thereby obtaining 1.021 g of polymer (Yield: 100%). 

(Example 17: Production of Isoprene Polymer) 

[01 01 ] A polymer was obtained by the same way as that of Example 1 6 except that 1 2,5 \\mo\ of [Y(CH 2 C G H^NMe 2 -o) 2 
so (PNP)]and 12.5|jimof of [PhMe^NHKB^F^J were added (Yiefd: 100%). 

(Example 18: Production of Jsoprene Polymer) 

[0102] A polymer was obtained by the same way as that of Example 16 except: isoprene (2.044 g, 30.0 mmof) and 
35 [Y(CH 2 C 6 H 4 NMe 2 -o) 2 (PNP)] (12.5 /xrnol) in chlorobenzene solution (16 ml) were added and then stirred at high speed 
while adding [PhMe 2 NH)[B(C 6 F 5 ) 4 ] (1 2.5jxmol) in chlorobenzene solution (4 ml); and a reaction hour was set to 2 minutes 
(Yield: 100%). 

(Example 19: Production of Isoprene Polymer) 

40 

[0103] A polymer was obtained by the same way as that of Example 1 8 except that a toluene solution was used instead 
of the chlorobenzene solution (Yield: 73%). 

(Example 20: Production of Isoprene Polymer) 

[0104] A polymer was obtained by the same way as that of Example 16 except that [Sc(CH 2 C 6 H 4 NMe 2 -o) 2 (PNP)] 
was used instead of [Y(CH 2 C 6 H 4 NMe r o) 2 (PNP)] (Yield: 100%). 

(Example 21: Production of Isoprene Polymer) 

50 

[0105] A polymer was obtained by the same way as that of Example 19 except that [Sc(CH 2 CflH 4 NMe 2 -o) 2 (PNP)] 
was used instead of [Y(CH 2 C 6 HqNMe 2 -o) 2 (PNP)] (Yield: 9%). 

(Example 22: Production of Isoprene Polymer) 

55 

[0106] A polymer was obtained by the same way as that of Example 16 except that [Lu(CH 2 C G H 4 NMe 2 -o) 2 (PNP)] 
was used instead of [Y(CH 2 C 6 H 4 NMe 2 -o) 2 (PNP)] {Yield: 100%). 
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(Example 23: Production of Isoprene Polymer) 

[0107] A polymer was obtained by the same way as that of Example 19 except that [Lu(CH 2 C G H 4 NMe 2 "0) 2 (PNP)] 
was used instead of [Y(CH 2 C 6 H 4 NMe^-o) 2 {PNP)] (Yield: 55%). 

(Example 24: Production of Isoprene Polymer) 

[0108] A polymer was obtained by the same way as that of Example 16 except that.[La(CH 2 C e H 4 NIV1e 2 -o)^(PNP)] 
was used instead of [Y(CH 2 C 6 H 4 NMe 2 -o) ; >(PNP)] {Yield: 100%). 

(Example 25: Production of isoprene Polymer) 

[0109] A polymer was obtained by the same way as that of Example 17 except that [La(CH 2 C ti H 4 NMe 2 -o) 2 (PNP)] 
was used instead of [Y(CH 2 C 6 H 4 NMe 2 -o) 2 (PNP)J (Yield: 100%). 

(Example 26: Production of isoprene Polymer) 

[01 10] A polymer was obtained by the same way as that of Example 18 except that [La(CH 2 C G H 4 NMe 2 -o),>(PNP)) 
was used instead of [Y(CH P C 6 H 4 NMe 2 -o) 2 (PNP)] and a reaction time was set to 5 minutes (Yield: 100%). 
[0111] The number average molecular weights, molecular weight distributions, micro structures, and glass transition 
temperatures of the polymers obtained in Examples 16 to 26 were described In Table 2, respectively. The number 
average molecular weight and the molecular weight distribution were determined using the GPC as described above 
(standard substance: polystyrene). The micro structure was determined using 1 H-NMR and 13 C-NMR. The glass tran- 
sition temperature was measured using DSC. 
[0112] [Table 2] 
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[0113] As is evident from Table 2, isoprene can be polymerized using the complex of the present invention. In addition, 
it is found that the isoprene polymer thus obtained has a cis-1,4 content of about 100% whfle a molecular- weight 
distribution being extremely sharp. 

(Example 27: Production of Butadiene Polymer) 

[0114] In a globe box, 1-M triisobutyl aluminum (AI'Bu 3 ) in toluene solution (0.250 ml, 250 jj,mol) and 1 1 ml of toluene 
were placed in a pressure-resistance glass container and the reaction container was then sealed off, followed by taking 
out of the globe box. Subsequently, butadiene (0.81 0 g, 1 5.0 mmol) was added to the solution at -1 0°C and the reaction 
container was then placed in a water bath at 25 0 C, followed by addition of [Y(CH 2 SiMe 3 ) P (PNP)(1hf)] (22 mg, 25 jxmo!) 
in toluene solution (4 ml). The polymerization mixture was stirred at high speed for 10. minutes to react and then added 
with a small amount of acidic methanol to terminate the polymerization reaction. The reaction solution was poured into 
a methanol solution containing small amounts of hydrochloric acid and butylhydroxyi toluene. The precipitated polymer 
product was filtrated, washed with methanol, and dried at 60°C, thereby obtaining 0.170 g of polymer (Yield: 21%).' 

(Example 28: Production of Butadiene Polymer) 

[01 15] A polymer was obtained by the same way as that of Example 27 except that AI'Bu 3 was set to 1 .250 mf and 
[Y(CH fl SiMe 3 ) 2 (PNP) (thf)] wasaddedtogetherwith [Ph 3 C][B{C 6 F s ) 4 ] (23mg, 25 u,mol) {Yield: 100%). 

(Example 29: Production of Butadiene Polymer) 

[01 1 6] A polymer was obtained by the same way as that of Example 28 except that AI'Bu 3 was set to 0.250 ml (Yield: 
100%). 

(Example 30: Production of Butadiene Polymer) 

[01 1 7J A polymer was obtained by the same way as that of Example 28 except that AI'Bu 3 was set to 0. 1 25 ml (Yield: 
100%). 

3() 

(Example 31 : Production of Butadiene Polymer) 

[01 18] A polymer was obtained by the same way as that of Example 30 except that butadiene was set to 0.665 g } 6 
ml of chlorobenzene was used instead of 1 1 ml of toluene, and[Y(CH K SlMe a ) P (PNP)(tht)] and [Ph 3 C][B(C e F 5 ^] in 4 ml 
35 of a chlorobenzene solution was used instead of those in 4 mf of toluene solution (Yield; 100%). 

(Example 32; Production of Butadiene Polymer) 

[01 1 9] 0,324 g of a polymer was obtained by the same way as that of Example 30 except that a reaction temperature 
• was set to -1 0 °C (Yield: 40%). 

(Example 33: Production of Butadiene Polymer) 

[0120] 0.810 g of a polymer was obtained by the same way as that of Example 27 except that AI'Ru 3 was not added, 
45 and [Y(CH 2 SiMe 3 ) 2 (PNP)(thf)J in 1 2 ml of toluene solution and [Ph 3 C}[B(C G F 5 ) 4 ] in 3 ml of toluene solution were added 
to the reaction solution (Yield: 100%), 

[0121] The number average molecular weights, molecular weight distributions, micro structures, and glass transition 
temperatures of the polymers obtained in Examples 27 to 33 were described in Table 3, respectively. The number 
average molecular weight and the molecular weight distribution were determined using the GPC as described above 
&o (standard substance: polystyrene). The micro structure was determined using 1 H-NMR and iy C-NMR. The glass tran- 
sition temperature was measured using DSC, 
[0122] [Table 3] 
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[01 23] As is evidentfrom Table 3, butadiene can be polymerized usingthe complex of the present invention. In addition, 
it is found that the butadiene polymer thus obtained has a cis-1,4 content of about 100% while a molecular weight 
distribution being extremely sharp. 

(Example 34: Production of Isoprene-Styrene Copolymer) 

[0124] In a globe box, a magnetic stirring bar was placed in a flask (100 ml) and then added with isoprene (1.022 g, 
15.0 mmoJ), styrene (3.124 g, 30.0 mmol), and [Sc(CH 2 SiMe 3 ) 2 (PNP) (0.019 g, 0.025 mmol) In chlorobenzene solution 
(0 ml), followed by the addition of [Ph 3 C][D(C 6 F 5 ) 4 ] (0.023 g, 0.025 mmmol) in chlorobenzene solution (2 ml) and stirring 
at high speed. The reaction proceeded while stirring for 5 hours at room temperature and was then terminated by the 
addition of methanol. The reaction solution was poured into 200 ml of a methanol solution containing small amounts of 
hydrochloric acid and butylhydroxy! toluene. The precipitated polymer product was separated by decantation, washed 
with methanol, and dried at 60 °C, thereby obtaining 1,230 g of copolymer. 

(Example 35: Production of Isoprene-Styrene Copolymer) 

[01 2S] 1 .1 86 g of a copolymer was obtained by the same way as that of Example 34 except that styrene was set to 
1 .562 g and a reaction time was set to 1 5 hours, 

(Example 36: Production of Isoprene Polymer) 

[01 26] 1 .022 g of a polymer was obtained by the same way as that of Example 34 except that styrene was not added 
and a reaction time was set to 0.5 hour. 

(Example 37: Production of Styrene Polymer) 

[01 27] 0.39 g of a polymer was obtained by the same way as that of Example 35 except that isoprene was not added 
and a reaction time was set to 1 hour. 

[0128] The number average molecular weights, molecular weight distributions, micro structures, and glass transition 
temperatures of the polymers obtained in Examples 34 to 37 were described in Table 4, respectively. The number 
average molecular weight and the molecular weight distribution were determined using the GPC as described above 
(standard substance: polystyrene). The micro structure was determined using 1 H-NMR and 13 C-NMR. The glass tran- 
sition temperature was measured using DSC. 
[0129] [Table 4] 
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[0130] As shown in Table 4, the complex of the present invention can be used in polymerization of isoprene with 
styrene. In addition, In the isoprene-styrene copolymer thus obtained, the cis~1, 4 content of isoprene was high as 95% 
or more with respect to all of the isoprenes in the copolymer while a molecular weight distribution being extremely sharp. 

. fNDUSTRIAL APPLICABILITY 

[0131] A novel polymerization catalyst is provided by a complex of the present invention, and a process for producing 
a polymer using the polymerization catalyst are further provided. 

In addition, by usmgthe polymerization catalyst provided by the complex of the present invention, a high cis-1 /Hsoprene 
polymer, a high-cis-1 ,4-butadiene polymer, a high-cis-1 ,4-isoprene-styrene copolymer, a higfvcis-1 ,4-butadiene-styrene 
copolymer, a high-cis-1 ,4-buiadine - high c)s-1,4-isoprene copolymer, and a high-cis 1 ,4-butadiene-htgh cis-1 ,4 tso- 
pre ne styrene copolymer, each of which has a sharp molecular distribution, are provided. The polymer has a high 
abrasion resistance and is a high-strength rubber, so it can be appfied to a wide range of applications (e.g., tires, rubber 
belts, adhesive agents, and medical supplies). 

Claims 

1. A complex comprising a mono anionic tridentate ligand, represented by the following general formula (I): 




(I) 
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tn the general formula (I), 

M represents scandium Sc t yttrium Y, or lanthanoid; 
35 E 1 -T 1 -X-T 2 -E 2 represents a mono-anionic tridentate ligand; 

X represents an anionic electron-donating group containing a iigand atom selected from Group-15 atoms; 
E 1 and E 2 each represent independently a neutral electron-donating group containing a ligand atom selected 
from one of Group-15 atoms and Group-1 6 atoms; 

T 1 and T 2 are cross linking groups that cross link X with E 1 and E 2 and each represent independently an 
to allylene group which may have a substituent on an aryt ring; 

Q 1 and Q 2 each represent independently a monoanionic ligand; 

L represents a neutral Lewis base; and w represents an integral of 0 to 3. 

2. The complex according to claim 1, wherein each of the T 1 and T 2 in the general formula (I) is a phenylene group 
45 which may have a substituent on a phenyl ring. 

3. The complex according to claims 1 or 2, wherein the M in the generai formula (I) is scandium Sc, yttrium Y, Jutetium 
Lu, or lanthanum La. 

50 4, jhe complex according to any one of claims 1 to 3, wherein the X in the general formula (I) is N. 

5. The complex according.to any one of claims 1 to 4, wherein the E 1 and E 2 in the general formula (i) each represent 
independently a diary! phosphino group, a dialkyl phosphino group, or an alkylaryl phosphino group. 



55 6. A complex represented by the following general formula (II): 
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[Chem 2] 




Ph 2 P~_ I PPh 2 " * " (l l) 



Me 3 SiH 2 C ! CH 2 SiMe 3 
THF 

In general formula(ll), M represents scandium Sc, yttrium Y, lutetium Lu, or lanthanum La. 
7. A complex represented by the following general formula (III): 

[Chem 3 1 




Ph 2 p ^wcrPZ h 2 • - • (ill) 



Jn general formula (111), M represents scandium Sc, yttrium Y, lutetium Lu, or lanthanum La. 

8. A polymerization catalyst composition, comprising the complex according to any one of clarms 1 to 7. 

9. The polymerization catalyst composition according to claim 8 t further comprising a catalyst activator. 

10. The polymerization catalyst composition according to claim 9, wherein the catalyst activator is an ionic compound 
made of a non-coordination anion and a cation. 

11- The polymerization catalyst composition according to claim 10, wherein the non-coordination anion is a quadrivalent 
boron anion. 

12. The polymerization catalyst composition according to any one of claims 8 to 11 , which is used for polymerization of 
olefin. 

13. The polymerization catalyst composition according to claim 12, wherein the olefin is at least one of isoprene, buta- 
diene, orstyrene. 

14. A process for producing a polymer, comprising: polymerizing additional polymerizable monomers utilizing the po- 
lymerization catalyst composition according to any one of claims 8 to 13 r 

15. The process according to claim 14, wherein the additional polymerizable monomer is olefin, and the polymer is an 
olefin polymer. 

16. The process according to claim 15, wherein: 

the additional polymerizable monomer is at least one of isoprene, butadrene, or styrene; and 

the polymer is an isoprene polymer, a butadiene polymer, a styrene polymer, a butadiene-isoprene copolymer, 
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a butadiene-styrene copolymer, an isoprene-styrene copolymer, or a butadiene-isoprene-siyrene copolymer. 

17, A conjugated diene polymer, obtained by polymerizing conjugated diene monomers utilizing the polymerization 
cataiyst composition according to any one of claims 8 to 13, wherein; 

theeis-1 ,4 content of a micro structure is 90% or more with respect to all of conjugated diene monomer structural 
units; and 

an index of molecular weight distribution, Mw/Mn, is 2.0 or less. 

1G. The conjugated diene polymer according to claim 17, wherein the conjugated diene monomer is at least one of 
butadiene or isoprene. 

19, A conjugated diene polymer, having a cis-1 , 4 content of a micro structure of 90% or more with respect to all of 
conjugated^diene monomer structural units, and having an index of molecular weight distribution, Mw/Mn, of 2.0 or 
less, 

20, An isoprene polymer, having a cis-1 ,4 content of a micro structure of the polymer of 90% or more, and having an 
index of molecular weight distribution, Mw/Mn of 1 .5 or less. 

21. An butadiene polymer, having a cis-1, 4 content in a micro structure of the polymer of 90% or more, and having an 
index of molecular weight distribution, Jvlw/Mn of 1 .3 or less. 

22. An isoprene-styrene copolymer, having an isoprene content of 5 to 95% in weight percent, having a cis-1 ,4 content 
in a micro structure of 90% or more with respect to afl of isoprene structural units, and having an index of molecular 
weight distribution, Mw/Mn of 2.0 or less. 



1O4O130A1 .I. > 



29 



EP 1 840 130 A1 



[Figure 1] 
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[Figure 2] 
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f Figure 4 ] 
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[Figure 5 j 
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[Figure 6] 
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[Figure 7 J 
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[Figure 8) 
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[Figure 9) 
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[Figure 10] 
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[Figure 11] 
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[Figure 12] 
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[Figure 14} 
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[Figure 15 J 
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[Figure 16] 
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[Figure 17] 
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[Figure 10] 
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[ Figure 19] 
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